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Description

This application discloses novel N-phenylamides having 4-heterocyclic substituents. These compounds have activity
as anficonvulsants, |e.armoomdsveagems,whdlprwdefeﬁefbrpanemswﬁemgﬁomsm&& such as those
caused by epilepsy. The novel compounds of the invention also have melatonergic properties.

New anticonvulsants with greater selectivity and lower taxicily are desirable due to the incidence of unwanted side
eﬂedsammeiaﬂuredmﬂ(etedmhmmdsamsmmggnﬂmrdwﬂuabanm&mmofﬂwepahwtpopdahm.

Certain benzimidazoles, e.g., 2-(substituted phenyl)benzimidazoles, have been shown to have sedative activity. I.
Yiden et al, in J. Fac. Pharm. Gazi Univ.,7, pp. 111-24 (1990) disclose compounds of formula A:

R
N ~
\ (A)
SRaW
H

in which R may be CH;, OCHa, Cl, NO,, or para-NHC(O)CH;. The preparation of the ortho--and meta-NHC{O)CH,
compounds was described in Chemische Berichte, 32, p. 1469 (1899) and Chemische Berichte, 34, p. 2961 (1901)
respectively, however, no utility was disclosed.

The preparation and use of N-{4-(1H-imidazo{4,5-bjpyridin-2-yl)phenyl] acetamide (B) as an intermediate has been
disclosed by Kutter et al in a German patent application (DE 2305339).

H

N
| §>——©—N o ®
N s

D. Lesieur et al disclosed, in U.S. patent 5,276,051, certain arylethylamine derivatives that may be used to treat
melatonergic disorders and that have anxiolytic, antipsychotic and analgesic properties. These compounds are of for-
muia C:

R2
1
AI —(CH 2)2'"N-R1 (C)

in which Ar is indolyl-3-yl or ancther benzoheterocyclic group, Ry is an acyl group and R, is H or C4_g alkyt.
Among the compounds described by Lesieur et al is a compound of formula D:

%0
Qv o
N
H

wherein R3 canbe H or Cy_g alkyl; R4 canbe H and Rs can be substituted phenyl or phenylalkyl (containing a C4_3 alkyl
group). However, the Lesieur reference does not suggest the novel anticonvulsant amides of the present invention.
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O. Axelsson et al disclosed, in European Patent Application (EP 0520200 A2), certain 1{(substituted phenyl)-2-
(swslitmedanim)baﬁnidaml&sﬁﬂdmﬂybemedmbbd(wabtypemidmndmmebinmmalsamvme
treatment of central nervous system disorders such as migraine and epilepsy. TheseconpomdsareofbrmlaE:_

7

R!
& v
R N\
R N R ®
R‘
A! A"
RN R!Z
Rl3

but no phenylamide moiety is described for E. o
Applicants have discovered a novel series of anticonvidsant heterocydlic derivatives of N-phenytamides which con-
form to formuta i:

NHC(0)Z

-G .

wherein
R=Hor C1_4 alknxy;
X=CHorN;
Y=NH, Oor S;
Z = Cy_4alkyl, C3_¢ cycloalkyl, C,_3 alkenyl, NH,, C4_4 alkylamino, or C4_4 alkoxyalkyl, with the proviso that Z may not
be CH3 when R=H, X=CH, and Y=NH and Z may not be CH; when R=H, X=N and Y=NH and NHC(O)Z is in the para-
position.
Compounds of formula 1, as well as pharmaceutically acceptable salts thereof, are described herein as useful in
compositions and methods for the anticonvulsive and melatonergic uses.
The anticonvulsive agents of the invention have advantages over similar agents. They perform significantly better
in maximal electroshock (MES) tests than reference compounds, e.g., phenobarbital and valproic acid.
In anticonvulsant studies using pentylenetetrazol (PTZ)-induced seizure techniques, these compounds generafly
improve length of survival or delay initial twitch or seizure responses.
UsedeﬂecﬁwmunsofmemvdwnmumdmeimmﬁoninwmodﬁmsaMmemodseﬁdﬁm anticon-
vulsive or melatonergic effects in mammals in need of such treatment is discussed herein.
" These and other advantages will become apparent after consideration of the specification and claims.
The anticonvulsant agents described herein conform to formula | or are pharmaceutically acceptable salts or
hydrates thereof:

NHC(0)Z

oS-G 0



15

EP 0 700 906 A1

wherein

R = H or Cy_4 alkoxy;
X=CHorN;
Y=NH OorS; -
Z = Cy_4 alkyl, C3_g cycloalkyl, C,_s alkenyl, NHZ,CHan(ylamno.aCHanmxyan(ymemeprovmthathynot
be CH3 when R=H, X=CH, and Y=NH and Z may not be CH; when R=H, X=N and Y=NH and NHC{O)Z is in the para-
position. _

R is generally H or C4_4 alkoxy. It is preferably H or OCHj3.

X may be CH or N, with CH preferred. .

Y is generally NH, O or S, but is preferably NH or O, most preferably NH.

Z can be Cy_4 alkyl, C3_g Cycloalkyl, C»_3 alkenyl, NH,, C4_4 alkylamino, or C4_4 alkoxyalkyl, with the proviso that
Z may not be CH; when R=H, X=CH, and Y=NH and Z may not be CH; when R=H, X =N and Y=NH and NHC(O)Z is
in the pama position. Some preferred Z groups are C,_4 alkyl, Cy_4 alkyl amino and C_4 alkaxyalkyl groups, most pref-
erably CoHs, NHCH; and CH,OCH,; groups.

Insomeprefanedetrbodxmems.NHC(O)Z:smtheonhoorMpoahmotmephmylgtwpanlesCHa

In some preferred compounds, X is CH and Z is CH3, C2Hs, NHCH3 or CH,OCH;.

In still another group of preferred compounds, R is H or OCHg and Z is CH3 or CHOCH3.

By "alkeny!” is meant alkyl groups containing a carbon-carbon double bond. "C,_3 alkenyl” groups include CH=CH,,
CH=CH-CHj3, and C(CHy) = CH,.

The phrases "alkylamino” and "alkoxyalkyl” refer, respectively, to NH-alky! and alkylene-O-alkyl groups, in which the
alkyl and alkylene moieties contain from 1 to 4 carbon atoms. Preferred groups include NHCH3 and CH,OCH;.

Prefesred compounds of formula 1 have the amido group in the ortho- or meta- position of the phenylatkyl moiety.

lnhnghlypreferredenbodimmts.conpomﬁsoﬂomﬂaIhavelheam:dogapmmeﬂm;:andmem;)oslhonof
thephenylnng i.e. the NHC(O) Z group is in position 1 or 2 as shown here:

U%/

All substituents have the definitions given for formula 1, as above.

These preferred embodiments include:
N-[2-(1H-benzimidazol-2yl)phenyl]-N'-methyl urea,
N-{2-(S-methaxy-1H-benzimidazol-2-yf)phenyl] acetamide,
N-[2-{1H-benzimidazol-2-yl}phenyl] propanamide,
N-[2-(benzthiazol-2-yl)phenyl] acetamide,
N-[2-(benzoxazol-2-yl)phenyl] acetamide,
N-{2-(benzoxazol-2-yl}phenyl}-N'-methyl urea,
N-[2-(1H-benzimidazol-2-yl)phenyl] methoxyacetamide,
N-[2-(5-methoxy-1H-benzimidazol-2-yf)phenyl] methoxyacetamide,
N-{2-(5-methoxybenzoxazol-2-yf)phenyl}-N'-methyl urea,
N-[2<(5-methoxybenzoxazol-2-yf)phenyl] acetamide,
N-[2-{5-methoxybenzthiazol-2-yl)phenyl] acetamide,
N-[2-(5-methoxy-1H-benzimidazol-2-yfjphenyl] propanamide,
N-{2{5-methaxy-1H-benzimidazol-2-yl)phenyl]-N'-methyl urea,
N-[2-(1H-benzimidazol-2-yl)phenyl] cyclopropane carboxamide,
N-[2-{5-methoxy-1H-benzimidazol-2-yf)phenyl] cyclopropans, carboxamide,
N-[2-(1H-benzimidazol-2-yl)phenyl}-trans-2-butenamide,
N-[2-(S-methaxy-1H-benzimidazol-2-yl)phenyl]-irans-2-butenamide,
N-{3-{5-methoxy-1H-benzimidazol-2-yl)phenyl] acetamide,
N-{3-<(1H-imidazo{4.,5-blpyridin-2-yl)phenyl] acetamide, and
N-[3-(5-methaxy-1H-imidazo{4,5-b]pyridin-2-yl)phenyl] acetamide.

Additionally, compounds of Formula | also encompass all pharmaceutically acceptable aad addition salts and/or
solvates, e.g., hydrates, thereof. The present invention also encompasses stereoisomers as well as optical isomers,
e.g., mixtures of enantiomers as well as individual enantiomers and diastereomers, which arise as a consequence of

NHC(O)Z
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structural asymmetry in certain compounds of Formuta 1. Separation of the individual isomers is accomplished by appti-
cation of carious methods which are well known to practitioners in the art.

The pharmaceutically acceptable acid addition salts of the invention are those in which the counter-ion does not
contribute significantly to the toxicity or pharmacological equivalents of the bases of Formula L They are generally pre-

. 5 temed for medical usage.

In some instances, the salts have physical properties which make them more desirable for pharmaceutical formu-
lation such as solubility, tack of hygroscopity, compressbility with respect to tablet formation and compatibility with other
ingredients with which the substance may be used for pharmaceutical purposes.

The salts are routinely made by admixture of a Formuta | base with the selected acid, preferably by contact in solution

10 employing an excess of commonly used inert solvent(s) such as water, ether, benzene, methanol, ethanol, ethyl acetate
or acetonitrile. They may also be made by metathesis or treatment with an ion exchange resin under conditions in which
the anion of one satt of the substance of the Formuta 1 substance is replaced by another anion under conditions which
allow for separation of the desired species. Such conditions include precipitation from solution, extraction into a solvent
and elution from/retention on an ion exchange resin. -

15 Pharmaceutically acceptable acids for the purposes of salt formation of the substances of Formula linctude sulfuric,
phosphoric, hydrochloric, hydrobromic, hydroiodic, citric, acetic, benzoic, cinnamic, mandelic, phosphoric, nitric, mucic,

The compounds of the invention can be prepared using the following reaction schemes or modifications thereof that
would be known to a skilled organic synthetic chemist. These schemes are meant only to be illustrative.

20
Schems 1: (Acylation of 2-(2-aminophenyl)-1H-benzimidazole)
25
N
~ N KZCOJ
CH,CN
% H H,N " H HNC(O)R'

@) | (ii)

35 R =Cy4alkyl, C3 4 cycloalkyl, C,_3 alkenyl, lower alkoxyalkyl, or lower afkytamino.
Scheme 2: (Preparation of N-alkyl ureas):

R'NCO _ N

Toluene N
H HNCO)NHR"

(iv)

R"=Cy4aliyl
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Scheme 3: (Benzoxazole Preparation)

@:NHZ @:CHO Cyclohexane
1)

) (vi)
Agzo

o

(vii)

(i) CH,Cl, 1)H2/Pto2
Room temp! >_© 2)R"COCT @
ch03, CH,CN

(vﬁi, R"NCO
Toluene
R™ = Cy_4 alkyl, or C4_4 alkylamino
Scheme 4 (Benzthiazole Preparation):
@: 1)PPA,L A
l: :5 | NH, 2)Rr-coc
K,CO, CH,CN
(x) : ()

PPA = polyphosphoric acid
In the compound of Example 13, made using Scheme 4, R" is CH;3.

HNC(O)R"'

@8
. ' S
HNC(O)R"
(xii)
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Scheme 5 (Imidazopyridine):

COH :
NHy @ 1)PP
0, ®-0%-Q
9 NH, NH, 2)Acetyl L):
chloride NHCOCH,
N : K,CO,
(xii) (xiv) CH,CN (xv)

TheoonpourﬂofExanpleMuasmadedsing Scheme 5.

Scheme 6 (5-methaxybenzimidazoles):

COH
RGN AT ¢ « Ty
N a EozN

Gevi) (xvii) : ‘ (xviii)
: H, PO, CH0 R™COQ cHO.
o @@ U@
‘ GH;OH N N
O 09 °

Typical R™ groups are C4_4 alkyl and C_4 alkoxyalkyl groups, such as CH3. C,Hs, CHOCH3, N-alkylamino, and
the like.

The compounds of the invention may be administered to patients in need of anti-convulsive treatment in a variety
of ways. Thus, oral, transdermal, subcutaneous, intravenous, intramuscular, rectal, buccal, intranasal and ocular routes
can be used. Oral administration if preferred. -

One or more of the compounds of the invention, or a salt thereof, is mixed with pharmaceutically acceptable amounts
of one or more conventional pharmaceutical excipients to produce a formulation to be administered by the desired route.
Generally, such formulations will contain one or several carriers or diluents. Useful camriers include solids, semi-solids
and liquids which have miscibility, or other compatibility, with the active agent(s) so that they can deliver same to a patient
or host

Suitable carriers indude lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acadia, calcium phosphate,
alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvinyipyrrolidone, celiulose, water, syrup,
methyl cellulose, methyl- and propyl-hydroxybenzoates, talc, magnesium stearate, mineral oil and the like. Mixtures are
operable.

Other useful excipients include lubricants, wetting agents, gellants, emulsifiers, preservatives, colorants, perfumes,
flavor enhancers, drying agents and the like. Mixtures can be employed.
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Generally, conpositions which include the compounds ot the invention will contain from about 0.01 to about 10%
of active compound(s) and 99.99 to 803, or other suitable amounts, of excipient(s). However, compositions containing
large amounts, e.g., about 1% to about 95% by weight of active compound(s), are contemplated.

The compositions are preferably formuated in a unit dosage form, each dosage containing from about 5 to 500 mg,
more usually 25 to 300 mg, of the active ingredient. The term "unit dosage form” refers to physically discrete units suitable
as unitary dosages for human subjects and other mammals, each containing a predetermined quantity of active material
calcuiated to produce the desired therapeutic effect, in association with the required pharmaceutical camier.

The active compounds are effective over a wide dosage range. For example, dosages per day will normally fall within
the range of about 0.5 to 300 mg/kg, of body weight. In the treatment of adutt humans, the range of about 1 to 50 mgfig,
in single or muttiple doses, is preferred.

However, it will be understood that the amount of the compound actually administered, will be determined by a
physician in light of the relevant circumstances including the condition to be treated, the choice of compound to be
administered the chosen route of administration, the age, weight, and response of the individual patient, the severity of
the patient's symptoms. .

For treating epilepsy, a compound of Formula | may be employed as a daily dosags in the range of about 50 mg to
about 2000 mg, usually in 1 to 4 divided dosages, for an average adult human. A unit dosage would contain about 2.5
mg to about 500 mg of the active ingredient.

In general, compounds of Formuda | may be used in treafing epilepsy in mammals, including humans, in a manner
similar to that used for phenytoin. Medical aspects of the treating of epilepsy are described in greater detail by Rail and
Schleifer in Goodman and Gilman's The Pharmacological Basis of Therapeutics, 8th ed.; Goodman Gilman, A.; Rall,
T.W.; Nies, A.S.; Taylor, P, Eds., Pergamon Press: New York, 1930; pp. 436-462.

IFIC EMBODI

The following examples illustrate the preparation of various compounds of the invention and their effectiveness as
anticonvulsants and melatonergics.

Melting points were taken in Kimax soft-glass capillary tubes using a Thomas-Hoover Unimelt capillary melting point
apparatus (Mode! 6406 K) and are uncormrected. Infrared spectra were recorded on a Perkin-Elmer 1800 Fourier Trans-
form Infrared Spectrophotometer with peak positions given in reciprocal centimeters (cm™1). 'H NMR spectra were
cbtained on a Bruker AC-300 NMR spectrometer equipped with a computer-switchable 5.0 mm 1HN3C probe. Chemical
shifts are reported in parts per million (5) downfield from tetramethyisilane. *H NMR coupling constants (J values) are
listed in Hertz (Hz) and spin multiplicities are reported as singlet (s), doublet (d), triplet (1), quartet (q), multiplet (m)
and/or broad (b). Discharge chemical icnization (DCI) mass spectral data were acquired on a Finnegan 4500 quadrapole

. mass spectrometer equipped with a Vacumetrics discharge chemical ionization probe using iscbutane reagent gas at

0.3 Torr source pressure. Microanalyses were acquired through the Analytical Department of The Bristol-Myers Squibb
Company, Wallingford, CT. Analytical thindayer chromatography (TLC) was performed on 0.25 mm EM silica gel 60F-
254 coated glass plates and preparative flash chrematography was performed on EM silica ge! (32-62 mm). The solvent
systems used are reported in each experimental. All reaction, extraction and chromatography solvents were reagent
grade and used without further purification except tetrahydrofuran (THF) which was distilled from sodium/benzophencne
ketyl. All non-aqueous reactions were carried out inflame-dried glassware under a nitrogen atmosphere. All commercially
available reagents were used without further purification.
Unless otherwise noted, all percentages recited herein are weight percents, based on total composition weight.

A Synthesis

Example 1: N-{2(1H-benzimidazol-2-yl)phenyl] propanamide. To a solution/suspension of 2-(2-aminophenyf) ben-
zimidazole (5.0 g, 23.0 mmol), potassium carbonate (9.5 g, 69.0 mmal) in acetonitrile (300 mL) at 0 °C was added
propionyl chloride (2.3 g, 23.0 mmol). The reaction mixture was allowed to warm to room temperature, stir overnight,
followed by filtration to remove the white solid. This was washed thoroughly with acetonitrile. The acetonitrile was con-
centrated in vacuo, the residue extracted into methylene chioride, washed with potassium carbonate (saturated solution)
and the organic layer was dried over anhydrous magnesium sulfate. The methytene chloride was removed in vacuo and
the resutting solid was recrystallized from methanol, m.p. >200°C. 1H NMR (300 MHz, DMSO-dg) 5 13.14 (bs, 1H), 13.00
(s, 1H), 8.70 (d, J=8.4 Hz, 1H), 8.10 (d, J=8.0 Hz, 1H), 7.71 (d, J=7.2 Hz, 1H), 7.57 (d, J=8.3 Hz, 1H), 7.46 (t, J=8.0 Hz,
1H), 7.31-7.20 (m, 3H), 2.53 (q, J=7.5 Hz, 2H), 1.23 (t, J=7.5 Hz, 3H); 13C NMR (75 MHz, DMSO-ds) 5 172.2, 150.9,
172.1, 138.4, 133.4, 130.7, 127.3, 123.5, 122.7, 122.3, 119.8, 118.6, 115.2, 111.5, 31.1, 9.6; IR (KBr) 3262, 1662 cm™;
MS (DCI) m/e MH*= 266; Analysis calc'd for C16H15N304/0.4H,04: C, 70.53; H, 5.64; N, 15.37; H;0,, 2.40; found: C,
70.52; H, 5.84; N, 15.42; H,04, 2.64.

The acylation technique of Example 1 is referred to as "General Procedure A" hereinafter.



10

15

EP 0 700 906 A1

Example 2: N-2-(benzimidazol-2-yliphenyf] methoxyacetamide. Preparation was carried out according to Scheme
1 and General Procedure A using 2-(2-aminophenyf}benzimidazole and methoxyacetyl chloride. Purification was
achieved by recrystallization from methanol, m.p. 229-231°C. 1H NMR (300 MHz, DMSO-de) 5 13.48 (s, 1H), 13.11 (bs,
1H), 8.80 (dd. J=9, 1.5 Hz, 1H), 8.10 (dd, J=1.5, 9 Hz, 1H), 7.63 (bm, 2H), 7.48 (dt, J=1.5, 6 Hz, 1H), 7.28 (m, 3H), 4.09
(s. 2H), 3.55 (s, 3H); 13C NMR (75 MHz, DMSO-dg) 5 169.26, 150.55, 137.58, 130.58, 127.43, 123.20, 122 81, 120.09,
116.10, 72.22, 59.34, two carbons obscured; IR (KBr) 3300-2600, 1650, 1550, 1125, 740 cm™; MS (DCI) m/e MH'=
282; Analysis calc'd for C1gHysN3O4: C, 68.31; H, 5.37; N, 14.94; found: C, 68.52; H, 5.46; N, 14.96.

Some additional examples made according to Scheme 1 using General Procedure A are shown below in Table 1. .

Table 1 .

X,
\
N
H BN .

\n, R

o
Ex. R’ Yield(%) | m.p. °C |
3 -n-propyl 28 214-216
4 cyclopropyi 14 235-236 |
5 i-propyl 13 202
6 cyclobutyl 31 >210
7 vinyl 33 >225
8 CH=CHCH3 3 >225
9 CH(CH3)=CH> 64 221-223

Example 10: N-[2-(benzimidazol-2-yl)phenyl]-N'-methyl urea. This example illustrates Scheme 2. To a solution of
2-{2-aminophenylbenzimidazole (5.0 g, 23.9 mmol) in toluene (300 mL) was added methyl isocyanate (1.5 mL, 26.0
mmol); the reaction mixture was allowed to stir overnight. The toluene was removed in vacuo to yield a yellow oil. This
was purified by cotumn chromatography using silica gel (20:1) in 5% MeOH/CH,Cl,. The product was isolated as a white
solid (4.6 g, 72% yield), m.p. >220°C. 1H NMR (300 MHz, DMSO-dg) 6 12.9 (bs, 1H), 11.9 (s, 1H), 8.50 (d, J=8.4 Hz,
1H), 8.00 (d, J=7.9 Hz, 1H), 7.66 (s, 2H), 7.38 (t, J=8 Hz, 1H), 7.28-7.24 (m, 2H), 7.07 (t, J=7.4 Hz, 2H), 2.74 (d, J=3.5
Hz, 3H); 13C NMR (75 MHz, DMSO-dg) & 155.80, 151.3, 140.3, 130.3, 127.1, 122.5, 120.4, 1193, 114.1, 26.6, five
carbons obscured; IR (KBr) 3344, 1672 cm™t; MS (DCI) mv/e MH*= 267; Analysis calc'd for C45H14N4O4: C, 67.65; H,
5.30; N, 21.04; found: C, 67.59; H, 524;N, 21.07. .

Example 11: N{2-{benzoxazol-2-yl)phenyl] acetamide. The compound was prepared in a multistep synthesis
employing Scheme 3, as described: A suspension of 2-aminophenol (5.0 g, 45.81 mmof) and 2-nitrobenzaldehyde (6.92
g, 45.81 mmol) in cyclohexane (200 mL) was heated to reflux using a Dean-Stark apparatus to remove water for 5 h.
The reaction mixture was concentrated in vacuo to yield bright yellow crystals of the corresponding imine (10.71 g, 97%
yield). To a solution of this imine (7.88 g, 32.56 mmol) in CH,Cl; (200 mL) was added Ag,O (9.05 g, 39.07 mmol) and
the reaction mixture was allowed to stir at RT overnight. The solvent was removed in vacuo to yield a solid shown to be
the 2-(2-nitrophenyl) benzoxazole. This product was then suspended in ethanol (200 mL) with PtO, (0.3 g) and charged
with Hz (60 psi). The reaction mixture was allowed to shake on a Parr apparatus for 3 h. This was filtered through cefite
and the filtrate was removed in vacuo to yield a yellow solid. TH NMR showed this to be the desired 2-(2-aminophenyl)
benzoxazole, 3.85 g. This was acetylated according to General Procedure A and purified by recrystallization from
cyclohexane/ethyl acetate, m.p. 125-128°C; 'H NMR (300 MHz, DMSO-dg) & 11.48 (s, 1H), 854 (d, J=9 Hz, 1H), 8.13
(dd, J=1.5, 9 Hz, 1H), 7.80-7.75 (m, 2H), 7.57 (m, 1H), 7.45 (m, 2H), 7.25 (1, J=9 Hz, 1H), 2.23 (s, 3H); 13C NMR (75
MHz, DMSO-dg) 5 168.79, 161.46, 148.92, 140.39, 138.59, 132.89, 128.62, 126.18, 125.28, 123.37, 120.29, 119.83,
113.05, 111.07, 25.15; IR (KBr) 3270, 1685, 1540, 1240, 750 cm™1; MS (DCI) m/e MH'= 253; Analysis calc'd for
Ci5H12N0,: C, 71.42; H, 4.79;'N, 11.10; found: C, 71.24; H, 5.14; N, 10.76.

Example 12: N-{2-(benzoxazol-2-yf)phenyl}- N-methyl urea. This was prepared according to Scheme 3. To.a solution
of24(2-amino)phenyi benzoxazole (1.6 g, 7.6 mmol) (preparation described in Example 12) was added methylisocyanate
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(0.47 g, 8.31 mmoY) in toluene. The reaction mixdure was heated to a gentle reflux overnight. The solution was cooled

and a white sofid precipitated. This was collected by filiration, recrystallized from acetonitrile/methanc}, dried in vacuo - - -
to give 0.132 g of a white solid, (736 yield), mp. 226-227°C. 1H NMR (360 MHz, DMSO-d3) 6 10.35 (bs, 1H), 8.48 (d, o
J=9 Hz, 1H), 8.09 (d, J=6 Hz, 1H), 7.78 (m, 2H), 7.45 (m, 3H), 7.35 (bs, 1H), 7.08 (&, J=6 Hz, 1H), 2.71 (b§, 3H); 13C - -~ =~ i vt

NMR (75 MHz, DMSO-dg) 5 161.6, 155.3, 148.7, 140.7, 132.5, 128.1, 125.8, 1250, 120.76, 119.5, 119.1, 110.91; IR
{KBr) 3300, 1665, 1550, 1250, 750 cm™1; MS (DCI) m/e MH" = 268; Analysis calc'd for CisHi3N3O2: C, 67.41; H, 4.90;
N, 15.72; found: C, 67.39; H, 4.85; N, 15.74.

Bample 13: N{2-{benzthiazol-2-yi}phenyl] acetamide. This compound was prepared by multistep synthesis using
Scheme 4 as follows: A paste of 2-aminothicphens! (2.0 g, 15.97 mmo!) in polyphosphoric acid was prepared. ortho-
Anthranitic acid (2.91 g, 15.97 mmo) was added and the reaction mixiure was heated at approximately 250°C under a
nitrogen atmosphere for 3 h. The reaction mixture was cooled to 175°C and poured into rapidly stiving water. The sofid
which had formed was collected by filtration; it was washed with K,COj3 (sat'd sof'n), and dried in vacuo. 1H NMR (DMSO-
dg) and MS show the product to be the desired 2-(2-aminophenyi)benzthiazole. This material was acetylated according
to General Procedure A and purified by recrystallization from cycichexane/ethyl acetate, m.p. 124-125°C. 1H NMR (300
MHz, DMSO-dg) 5 11.83 (bs, 1H), 8.42 (d, J=8 Hz, 1H), 8.12 (m, 2H), 7.80 (dd, J=1, 12 Hz, 1H), 7.52 (m, 3H), 7.24 (t,
J=6 Hz, 1H), 2.19 (s, 3H); 13C NMR (75 MHz, DMSO-dg) 5 168.83, 167.46, 152.19, 137.29, 133.13, 131.82, 129.92,
126.80, 125.98, 123.82, 122.71, 122.05, 121.31, 119.99, 24.88; IR (KBr) 1690, 1540, 240, 740 cm t; MS (DCI) m/e
MH*= 269; Analysis calc'd for C4sH2N204S4: C, 67.14; H, 4.51; N, 10.44; found: C, 67.12; H, 4.73; N, 10.51.

Example 14: N{3-{1H-imidazo[4.5b]pyridin-2-yl)phenyl}-acetande. This conpound was prepared according to
Scheme S. The amino precursor was prepared by heating 2,3-diaminspyridine (5.0 g, 45.8 mmo) and 3-amincbenzoic
acid (6.28 g, 45.8 mmol) in PPA. The reaction was stimed at 200 °C for 3 h and poured into water. Tha resulting sofid
was collected by fittration and recrystallized from ethano! to yield 1.0 g of abeige solid which was shown to be the desired
compound by 1H NMR. This was acetylated using General Procedure A. The final product was purified by recrystallization
from methano!, mp. >250 °C. 1H NMR (300 MHz, DMSO-dg) 6 13.40 (s, 1H), 10.16 (s, 1H), 8.54 (bs, 1H), 8.30 (m, 1H),
7.99 (d, J=9 Hz, 1H), 7.84 (d, J=9 Hz, 1H), 7.69 (d, J=9 Hz, 1H), 7.47 (&, J=9 Hz, 1H), 7.22 (dd, J=6, 8 Hz, 1H), 2.08 (s,
3H); 13C NMR (75 MHz, DMSO-dg) 6 168.56, 152.71, 143.85, 139.92, 130.14,129.38, 121.22, 121.08._118.10. 117.55,
24.06, three carbons chscured; IR (KBr) 3400, 3260, 1635, 1550, 740 cm™t; MS (DCI) m/e MH*= 253; Analysis calcd
for C14H12N404: C, 66.66; H, 4.79; N, 22.21; found: C, 66.49; H, 4.88; N, 21.85.

Example 15: NA2{S5-methoxy-1H-benzimidazol-2-yl)phenyf-acetamide. This compound was prepared via Scheme
6 in a nutistep synthesis as follows: 4-methoxy-1,2-phenylene diamine dihydrochloride (4.2 g, 30.43 mmol) was dis-
solved in NaOH (3N) and extracted with CH,Cl,. The organic layer was dried over MgSO, and the solvent removed in
vacuo to yield an oil. TH NMR showed the free base to be pure. To this was added nitrcbenzene (100 ml), ortho-
nitrobenzaldehyde (1.09 g. 7.24 mmol) and the reaction was heated overnight. The reaction mixture was cooled to RT
and poured ento ethanolic HCI (7.2 A4). Et,O was added and a red solid precipitated. The precipitate was collected and
dissolved in methanol, charcoal was added and the mixture was filtered. The methanol was concentrated on a steam
bath and the product was allowed to precipitate as a beige sofid. 1H NMR (DMSO-dg) confirmed this to be 4-methoxy-
2-(2-nitrophenyl) benzimidazole (3.89 g, 48% yield). This material (2.0 g, 12.1 mmo!), along with PtO2 (0.1 g) was
suspended in EtOH (150 mL) and charged with H, (60 psi). The mixture was shaken for 1 h on a Parr hydrogenation
apparatus; the mixture was fitered through a pad of celite and the solvent concentrated in vacuo to a yellow solid shown
to be 4-methoxy-2-(2-aminaphenyl)benzimidazole. This was acetylated according to General Procedure A and purified
by recrystallization from methanol, mp. 212-213°C. 1H NMR (300 MHz, DMSO-dg) 5 mixture of conformational isomers,
8.66 (d, J=9 Hz, 1H), 8.05 (d, J=9 Hz, 1H), 7.61 (d, J=9 Hz, 0.5H), 7.44 (m, 1.5H), 7.28 (bs, 0.5H), 7.20 (t, J=7 Hz, 1H),
7.01 (d, J=1.5 Hz, 0.5H), 6.86 (m, 1H), 3.81 (s, 3H), 2.22 and 2.25 (s, 3H); 13C NMR (75 MHz, DMSO-dg) 5 (mixture of
conformational isomers), 168.43, 156.69, 155.81, 150.80, 149.95, 142.90, 138.23, 138.01, 136.55, 134.22, 130.35,
130.14, 127.81, 126.88, 122.64, 119.69, 11925, 115.30, 113.46, 111.80, 160.87, 94.32, 55.48, 25.20; IR (KBr) 3300-

2600, 2750, 1635, 1545, 1270, 815 cm™1; MS (DCI) m/e MH'= 281 Analysis calcd for CgHyNaO2: C, 68.56; H, 5.03;

N, 14.99; found: C, 68.23; H, 5.42; N, 14.8.

Example 16: N-f2-(5-methaxy-1H-benzimidazol-2-yi)phenyl)-methoxyacetamide. Using Scheme 6, 4-methoxy-2-2-
aminophenyf)benzimidazole was prepared as described in Example 3. This was acylated with methoxyacetyl chloride
using General Procedure A. Solid was recrystallized from hexane/ethyl acetate to give a white solid—0.100 g. (5% yield),
mp. 200-201°C. 'H NMR (300 MHz, DMSO-dg) 5 13.44 (bs, 1H), 8.77 (dd, J= 1.5, 9 Hz, 1H), 8.51 (dd, J=1.5, 9 Hz, 1H),
7.52 (d, J=9 Hz, 1H), 7.44 (t, J=9 Hz, 1H), 7.25 (t, J=9 Hz, 1H), 7.06 (d, J=2.4 Hz, 1), 6.88 (dd, J=2.4, 11.1, Hz, 1H),
4.08 (s, 2H), 3.78 (s, 3H), 3.54 (s, 3H); 13C NMR (75 MHz, DMS0-dg) 5 169.19, 156.27, 150.15, 137.27, 130.14, 127.13,
123.16, 120.03, 116.40, 112.25, 86.79, 72.24, 59.35, 55.50, three carbons cbscured; IR (KBr) 3500-2500, 1670, 1550,
1300-1200, 1200-1100, 750 cm™1; MS (DCI) m/e MH'= 312; Analysis calc'd for C7H47N30,: C, 65.58; H, 5.50; N, 13.50;
found: C, 65.72; H, 5.66; N, 13.10.
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B. Biological Activity

The anticonvulsive properties of the compounds of the invention were evaluated using two standard animal models
of epilepsy: the maximal electroshock test (MES) and the pentylenetetrazol (PT2)-induced seizure procedure. Melaton-
ergic action is indicated by binding studies done in hamster hypothatamus tissue.

1. Pentylenetetrazole - Induced Seizure Test

The PTZ technique employed was similar to that disclosed in P.C.T. publication WO 93/0572 (PCTAUSS2/07675),
published on April 1, 1993.

In the PTZ procedure, female C57BU/6 mice (17-26 g) were injected i.p. (vol= 0.1 m{/20 g) with test compound or
vehicle 30 min before i.p. administration of 75 mg/kg pentylenetetrazol. Muttiple doses of reference compounds (etho-
suximide, trimethadione, and pentobarbital) were tested at the peak of activily and at the dose range reported in the
literature. Ten mice were used per group. After injection, mice were placed in individual obsesvation cages and monitored
for one hour. During the first thirty minutes foflowing PTZ injection, seizure activity was recorded by measure: the latency
toﬂteonsetofpre-comdsveacﬁvﬂy(Pfe)melatencytomemsetofmeﬁstdmncsannelmgermanfwesecaus
(First) the latency to the onset of the first intense-generalized clonicitonic seizure (IGS) and the length of survival (Surv
Time). During the second thirty-minute period, only ime of death was recorded.

Those compounds that produced a significant delay in the onset of seizure activity or delayed (or abolished) mortality
when compared to that produced by vehicle (reference) were classified as anticonvulsants. Significant differences
between animals treated with reference or test compounds were determined using the Student's t-test.

2. Maximum Etectroshock Test

The MES procedure used is based upon the tests disclosed by Swinyard and et al in J. Pharmacol, Expt.. Ther.,
(1952) 106, 319 and L.A. Woodbury et al in Arch. int. Pharmocodyn, (1952), 92-97. These tests are also described in
U.S. patents 5,242,942 and 5,240,937, respectively.

in the MES procedure, a tonic seizure was produced in female CS7BU6 mice (17-26 g) by the delivery of a 50
milliamps current through comeal electrodes for 0.2 sec. Before testing, the animals were allowed food and water ad
libitum. Compounds were injected i.p. 30 min before the MES. Reference compounds (phenytoin, carbamazepine, phe-
nobarbital, and valproic acid) were tested at the peak of activity and at the dose range reported in the literature. Seven
mice were used per group. In this test anticonvulsive activity was indicated by the abofition of the hind fimb tonic extension.
The median effective dose (ED5p) was obtained for each compound and compared to EDsp's of reference compound(s).
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Table 2
Anticorwulsive Properties of Selected Formuta | Compounds
MES”™ PTZ Anti-Convuisive Results”
Ex No. | Results | Pre | First | Surv Time | IGS | Surv
+++
2 +
10 ++ + + + -
1" +
12 + + ++ ++ + ++
13 ++
15 + + +
Pre: latency to first twitch
First: latency to first seizure
Surv Time: duration of survival
IGS: onset of intense, generafized seizires
Surv: survival at one hour post-PTZ
MES: maximum electroshock

*50 mg/kgip. For PTZ resufts: + = > 100% controls; ++ = > 200%
controls; +++ = > 300% controls; ++++ = > 400% controls

**For MES resulis: median effective dose (EDs): + = < 100 mg/kyg;
+ = < 75 mg/kg; ++ = < 25 my/kg

3. Measurement of Melatoneraic Binding

Melatonin exerts its biological effects through specific receptors. Use of the biological active, radiolabelled agonist
['%51}-2-iodomelatonin has led to the identification of high affinity melatonin receptors in a variety of species. In the
mammalian brain, autoradiographic studies have locafized the distribution of melatonin receptors to a few specific struc-
tures. Although there are significant differences in melatonin receptor distribution even between closely related species,
the highest binding site density generally occurs in discrete nuclei of the hypothalamus. in humans, specific [125[)-2-
iodomelatonin binding within the hypothalamus is completely localized to the suprachiasmatic nucleus, strongly sug-
gesting that the melatonin receptors are located within the human biological clock.

The following studies employ hamster hypothalanius tissue and 2-{125[}<odomelatonin in assays to determine the
melatonergic binding of the compounds tested.

1) Reagents:

a) 50 mM Tris-HCl buffer pH 7.7 (20 C) using 10N NaOH

b) 1074 M 6-Chloromelatonin (diluted with 50% DMSO: 50% H;0)
¢) 2-{'%slliodomelatonin dituted to 0.1 nM final concentration
Source: NEN

Calculations:  Concentration of stockc
Specific Activity = 2200 Ci/mMo!
Concentration = 236 mCvmi
Concentration of stock = (236 x 1076 Ci/ml)/(2200 Ci/mMol) = 107.3 nM
cpm/20mi
(conc.)(fiterstube) = (1 x 1079 mVL) (20 x 1076L)
=2x10"14m
x by specific activity (2 x 10711 mM){2200 CV mMol)

12
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=44x1078G

x by decay factor (4.4 x 1078) (1 on day made)
=44x1078

x by dpnvCi constant (4.4 x 1078)(2.22 x 1012 dpnVCi) -
= 97680 dpm

= 73260 cpm

2) Tissue Preparation: Male Golden Syrian hamsters are decapitated, the brains are rapidly removed and chilled.
The hypothalamus is crudely dissected and frozen on dry ice with tissue stored at -80°C until assayed. Tissue is
weighed and thawed in 20 mis. ice coid Tris buffer (a) and homogenized by treatment with a polytron for 10 seconds
at setting 17. Ice cold Tris (a) is added to a volume of 40 mis. The homogenate is centrifuged in a Sorvall-SS-34
head at 19,000 rpm (44,000 x g) for 10 min. at 4°C. The resulting supematant is decanted and discarded. The pellet
is rehomogenized in an additional 20 mis of Tris-HC, diluted and centrifuged as before. The supernatant is decanted
and discarded. The resulting pellet is homogenized in 20 volumes of Tris-HCI per gram of original tissue (a 120
homogenate), chilled and held on ice until assayed.

-3) Experimental Design:

Tube # | Buffer (a) | 1074 M6-Chioro | BMS Compound 2-{125))- Tissue Homoge-
melatonin iodometatonin nate (120)
Total Blank 1,2 20ml — -— 20ml ) 160 ml
Unlmowns: 34 _— 20 mi — - -
56 —_ — 20mi conc. 1 - -
78 - —_ 20m! conc. 1 * *

4) Incubation: 0°C (ice bath) for 1 hour. Tissue homogenate is added last to assay tubes (which are already inice
bath). 1 hour from addition of tissue 5 mis of cold buffer (a) are added to assay tubes and they are filttered using a
Hoefer single-filter manifold. The filters are washed 2 x with 5 mis of buffer.

5) Activity: Compounds with an ICsg value less than 1000 nM are termed active.

For reference cf: Duncan, M.J., Talkahashi, J.S. and Dubocovich, M. Lgiﬁiﬂmmmmmm_&mmm

Brain Membranes: Pharmacological Characteristics and Regional Distribution.
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The melatonergic binding data for some selected compounds of Formuta | are shown in Table 3.

Table 3

Melatonergic Binding of Selected Formula | Compounds
Ex # ICsp (nM)” score

1 +

4 +

8 +

12 +

13 ++

14 +

15 +H+

16 H++

*ICso(nM) is the nanomolar concentration giving displace-
ment of 50% of radioactive label from melatonin binding
sites in hamster hypothatamus tissue. Score: +=100-600
nM, +4=25-100 nM; +4+4+=10-25 nM; ++-+4=<10 nM.

Reasmablevariations.suchashmewhiduwouldoowrtoasldledarﬁsan.wnbemadehereinwimmndeparﬁng

from the scope of the invention.

Claims

1. A compound of formula | or a pharmaceutically acceptable salt thereof:

NHC()Z
R@’:}F@/ (I)

wherein
R =Hor Cy_4 alkoxy;
X=CHorN;
Y=NH,OorS; . :
Z=Cy4 alkyl, C3_g cycloalkyl, C,_3 alkenyl, NH,, C4_4 alkytamino, or C4_4 alkoxyalkyl, with the proviso that Z may
not be CH; when R=H, X=CH, and Y=NH and Z may not be CHz when R=H, X=N and Y=NH and NHC(O)Z is in

The compound of claim 1 where X = CH.

The compound of claim 2 wherein Z = CHg, C;Hs, NHCH3, or CH,OCH;.

The compound of claim wherein Y=NH.

The compound of claim 1 wherein R = H or OCHa,

The compound of claim 4 wherein Z = CHz or CH,OCHj.

The compound of claim 1 selected from the grwp consisting of: N-{2-( 1H-benzimidazo!-2-yf)phenyl}-N'-methyl urea;

N-f2-(S-methaxy-1H-benzimidazol-2-yl)phenyl] acetamide; N-{2-(benzimidazol-2-yl)phenyl] propanamide; N-{2-
(benzoxazol-2-yl)phenyl]-N'-methyl urea ; N-{2-(1H-benzimidazol-2-yl}phenyl] methoxyacetamide; N{2-(5-methaxy-
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1H-benzimidazol-2-yljphenyl] methaxy acetamide; N-{3-(1H-imidazof4,5-blpyridin-2-yljphenyl] acetamide; N-{2-
(1H-benzimidazol-2-yl)phenyl] cyclopropane carboxamide; N-2-{1H-benzimidazol-2-yl)phenylHrans-2-butena-
mide; N-[2-(belmmdaml-2-yl)plmyl] propanamide; and N-{2-(benzﬂuazol—2—yl)phenyl] acetamide.

8 An anticonvulsant pharmaceutical composition containing an anticonvulsive effective amount of a compound of
claim 7 and a suitable amount of a pharmaceutically acceptable carier.

9. Amdahwﬁcﬂmmwﬁwlmﬁonwmiﬂmamdmmsgcdteﬁvemdammmdm7
and a suitable amount of a pharmaceutically acceptable carvier.

10. Use of a compound of claim 7 for manutacturing a medicament for eficiting an anticonvulsive effect in a mammal.
11. Useofaqonpomﬂofdaim7brmmfactwinganledicamembreliciﬁng.amelatonetgiceﬂedhammnal.
12. The compound of claim 7, N-2-(1H-benzimidazol-2-yl)phenyl}-N-methy urea.

13. The compound of claim 7, N-{2-{5-methoxy-1H-benzimidazol-2-yl)phenyl] acetamide.

14. The compound of claim 7, N-{2-(benzimidazoi-2-yl}phenyl]lpropanamide.

15. The compound of claim 7, N-[2-(benzthiazol-2-yl)phenyllacetamide.

16. The mm of claim 7, N-2-{(benzoxazol-2-yfjphenyl]-N"-methyl urea.

17. The compound of claim 7, N-2-(1H-benzimidazok-2-yl)phenyl] methoxyacetamide.

18. The compound of claim 7, N-[2{5-methoxy-1H-benzimidazol-2-yl)phenyl] methoxyacetamide.

19. The compound of claim 7, N-{2-(benzaxazol-2-yl)phenyl] acetamide.
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